Our understanding of plant vegetative development has been progressing at an increasingly rapid pace over the past severa1 years.
OVERVIEW
Our understanding of plant vegetative development has been progressing at an increasingly rapid pace over the past severa1 years. The 22 reviews in this Special Issue, which were invited by Brian Larkins (Editor of THE PLANT CELL), Crispin Taylor (News and Reviews Editor of THE PLANT CELL), and lan Sussex (University of California, Berkeley) and edited by Crispin Taylor, highlight the most exciting recent advances and point the way toward important future objectives. They also constitute a comprehensive assessment of the current state of the art in plant vegetative development and serve to illustrate the wonderful diversity of vegetative structures and cells.
In this overview, I wouM first like to introduce the diversity that is a hallmark of plant development and to outline some of the principles that guide and influence this diversity. Following this introduction, I will briefly discuss the topics that are covered in the reviews in this issue, before turning the stage over to the reviews and their authors, who have spent their careers trying to figure out what makes a plant a plant.
Why Plants Grow
One only has to look around to recognize the extraordinary variety of form that can be achieved by plants during their development. Although the wide variety of shapes that can be attained by different plant species is striking, the plasticity apparent in the vegetative development of individuals of the same species is also remarkable. Indeed, genetically identical plants growing under different environmental conditions can assume a wide range of different forms (Steeves and Sussex, 1989) . This developmental plasticity likely represents an adaptation of plants to their stationary autotrophic life habit, in E-maii ctaylor@aspp.org; fax 301 -279-2996. which they synthesize energy-rich nutrients from carbon dioxide and sunlight and acquire water and inorganic elements from the soil. Unlike animals, plants cannot move from place to place to seek out better sources of water and nutrients. Thus, to maintain their supply of these raw materials, plants must grow continuously, expanding the surfaces involved in the uptake and capture of nutrients and sunlight through the elongation and branching of stems, the expansion of leaves, and the formation of a branching root system that is elaborated with root hairs.
Because they cannot move, plants must deal continuously with whatever environmental changes they are exposed to and still be able to support the production of gametes and the early growth of the next generation. As a consequence, some environmental cues can exert a profound influence on the form assumed by individual plants, affecting overall plant size and the number and size of individual organs. Other environmental effects on plant vegetative development can be more subtle, affecting features such as cell size and the numbers of root hairs and trichomes.
. These environmental cues impinge on underlying genetically determined developmental programs that impart the basic structure of the plant and mediate critical developmental decisions, such as the transition from vegetative to reproductive development and the release of embryos from dormancy as they germinate. It is these genetic programs and the ways in which they can be continuously modified, adapted, and molded in response to the changing environmental conditions experienced by a growing plant that form the subject for the reviews in this Special Issue.
How Plants Grow
Most plant cells are derived from the apical meristems of shoots and roots and from meristems formed in the vascular cambium of roots. These cells provide the raw material for plant morphogenesis, which is achieved by a combination of new cell formation and oriented cell expansion. The overall shape of a plant is also established at its meristems as some of the meristematic cells are set aside to initiate specific tissues or lateral organs.
Their continuous growth at meristems affords plants the flexibility to integrate developmental decisions with ongoing changes in the environment and, thus, to maximize their photosynthetic efficiency and reproductive potential. However, despite the progress reported in this issue, we still have much to learn about how meristems are maintained during vegetative and reproductive development, how they initiate organs, and how the identities of these organs are specified.
There is also much to learn about the specification of plant cell identity. Because somatic cells in plants cannot change their positions relative to one another, they differentiate where they are formed. Thus, as each cell matures, it must acquire its specific characteristics (i.e., its identity) within the larger context of its neighbors if the entire plant is to function as a unit. Again, although we are making considerable progress in understanding how cell fate is determined for severa1 specialized cell types, the mechanisms through which cells acquire and maintain their identity remain, in many instances, unknown.
THE REVIEWS
The reviews in this Special lssue address plant vegetative development from a range of perspectives and by drawing on experiments with a number of plant species. Among the major topics that are covered in this issue are the genesis of form at the whole-plant level, including analyses of developmental axis formation during embryogenesis and the branching patterns that result from the elaboration of axillary meristems, and at the level of single tissues, organs, and the patterned distribution of specific cell types.
Cell-fate determination is described in detail for a number of specialized cell types, as are cell division, cell expansion, and the roles of cell-cell communication and the selective ablation of cells during plant vegetative development. Cell death during senescence and the concomitant transfer of nutrients from senescing vegetative tissues to developing reproductive structures are also discussed.
The profound effects of environmental and endogenous signals that modulate the genetic programs directing plant development are another major focus. In particular, the role of light in shaping vegetative development, the pervasive influente of the circadian clock, and the ubiquitous activities of plant hormones are covered in detail. The transduction networks that link these environmental and developmental signals to regulatory genes and, in turn, the genes to the responses are also discussed extensively.
The pivotal role of meristems as the engines that generate new cells and as the location of the initial events that establish plant form is also emphasized in a number of the reviews. The mechanisms by which apical, axillary, and adventitious meristems are organized are discussed, as are a number of genes whose products appear to be involved in initiating and/ or maintaining meristem structure and function. Because of the defining role they play in plant development, I will begin my description of the reviews in this issue by considering rneristems in more detail.
Meristems and Pattern Formation
Meristems are first organized during embryogenesis as the basic apical-basal body plan of plants is established. In an effort to understand how they are organized and how they contribute to the genesis of plant form, a number of laboratories have been searching for mutations that cause defects in pattern formation during embryogenesis. Genes affecting the establishment of both the radial and apical-basal developmental axes have been identified, as have others that specify embryonic organ initiation or identity. As more of these genes are cloned, our understanding of the control of developmental axis formation and elaboration and the way in which organs are initiated at meristems should be improved. These efforts are summarized by Laux and Jürgens, who describe a number of such mutations and discuss the implications of the phenotypes they provoke for the control of these initial phases of morphogenesis in plants.
Early stages of development in zygotes of brown algae in the Fucales mimic those of some higher plant species, especially with respect to the initial cell division patterns. As Kropf points out in his review, it is easier to examine these early stages of plant vegetative development in fucoid zygotes, which are free living, than it is in higher plants, where they occur beneath surrounding maternal tissues. Kropf also describes how the establishment of the apical-basal developmental axis can be experimentally manipulated during the first cell cycle in fucoid zygotes; he also suggests that some of the information gained from detailed analysis of these polarizing events and the first cell division that follows them may shed light on similar events occurring during the earliest stages of angiosperm development.
In his review of the role of the shoot apical meristem during plant vegetative development, Clark discusses histological and molecular data that point toward structural (and possibly functional) divisions within this meristem, and he outlines the activities of a number of genes that are known to play a role in establishing and maintaining meristem structure and function. Clark also describes how cells at the periphery of the shoot apical meristem are pushed farther down its flanks as new cells are formed in the center of the meristem. As the meristem continues to grow away from them, some of these cells are set aside to form organ and tissue primordia, at which time they begin to differentiate.
Less is known about the mechanisms controlling the pattern in which organ initials are formed on the flanks of the
Cell-Type Patterning and the Specification of Cell Fate
shoot apical meristem &e., the phyllotaxy). These decisions are critical in determining the form ultimately taken by the Cell and Tissue Patterning at the Organ Levei plant because, as Kerstetter and Hake point out, most lateral organs initiated at shoot apical meristem have axillary meristem primordia that may be activated later in development to generate new stem branches. Biophysical models, in which changes in the mechanical tension across a meristem are thought to trigger changes in cell division patterns that indicate the genesis of a new organ (Hernández and Green, 1993) , have recently received some molecular support (Fleming et al., 1997) . Kerstetter and Hake describe the few mutants with defects in the control of phyllotactic pattern that have been identified. By contrast to shoot systems, the branching patterns of roots are not generated at the root apical meristem-lateral roots are initiated in the pericycle at some distance dista1 to the root tip (Malamy and Benfey, 1997) . Instead, as Schiefelbein et al. discuss, activities at the root apical meristem establish the radial pattern of root tissues. Schiefelbein et al. also describe molecular and genetic experiments that have helped to explain how these patterns are established and maintained (see below). The overall structure of the root apical meristem is superficially similar to that of the shoot apical meristem, but it is interesting to note that few mutations affecting the structure and/or function of one have much of an effect on the other.
Once lateral organs are intiated, how is their identity controlled? In his review, Poethig suggests that the earliest steps in the specification of leaf identity are likely to be controlled by gradients of morphogens (i.e., hormones). He also summarizes recent genetic analyses that have defined meristemactive genes with roles in the organization of leaf primordia, leaf shape, dorsoventral polarity, and the specification of distinct domains within a single leaf (e.g., the blade and sheath of maize leaves).
Leaves are also featured in a number of other reviews in the Special Issue, including that of Pennell and Lamb, who point out that genetically programmed cell death may be involved in the selective elimination of cells in fully expanded leaves of some plant species (i.e., "sculpting"). They also discuss the role of programmed cell death in the formation of xylem tracheary elements (see below) and in the responses of plants to pathogens and other environmental challenges.
Pennell and Lamb contrast the biochemical and cell biological changes that typically occur during the death of these specific cells with the more wholesale destruction that occurs during senescence. Nevertheless, as Bleecker and Patterson describe, senescence also appears to be a genetically regulated, but environmentally modified, program that allows plants to remobilize the nutrients that were invested during vegetative development to support the generation of reproductive organs and, later, seeds. They also discuss mechanisms that may coordinate the systemic arrest of meristematic growth that correlates with the onset of senescence.
As a leaf expands, specific cell types differentiate in nonrandom positions within the developing organ. In many instances, the pattern of vascular tissues appears to influence the placement of other cell types so as to coordinate the generation and transport of photosynthate with the supply of nutrients and water and with gas exchange. In their review, Nelson and Dengler describe the different patterns that vascular tissues can form in expanding leaves of monocots and dicots. They go on to present and discuss two theories that aim to explain how these patterns are established as leaves expand.
According to the canalization of signal flow hypothesis, vascular tissues differentiate in response to changes in the flux of auxin through the emerging leaf blade. By contrast, the diffusion-reaction prepattern hypothesis posits that minor discrepancies in an existing morphogenetic field of mutually antagonistic "positive" and "negative" factors are amplified in a feedback loop that establishes a pattern mimicking the arrangement of veins in leaves. One attractive feature of the latter hypothesis is that it more effectively explains the de novo formation of vascular pattern in a developing leaf.
At a more local level, Larkin et al. discuss the genetic control of stomatal patterning in monocots and dicots. They show that in grasses, there is a close correlation between stomatal position and vein patterns, and that in wild-type Arabidopsis leaves, stomata almost always obey the "rule" that they not form in contact with one another. Larkin et al. also describe mutations affecting stomatal patterning in Arabidopsis and the defective cell divisions that appear to correlate with these aberrant patterns (see the cover of this issue for an illustration of these experiments). The genetic approach has also been applied to the patterning of hairbearing (trichoblasts) and hairless cells (atrichoblasts) in the epidermis of the Arabidopsis root. As Schiefelbein et al. describe, a number of mutations affecting the arrangement of these cell types have been isolated.
Cell Division and Cell Expansion
Because patterned cell divisions appear to play a role in the generation of severa1 specialized vegetative cell types (see below), it is important to understand the mechanisms that control cell division rates in plants. In his review, Jacobs discusses two alternative mechanisms through which cell division rates may be regulated in plants. In some cases, cell divisions appear to be directly driven by the cell cyclemanipulating the proteins involved in cell-cycle control leads to changes in the number of cells. In other cases, the timing of cell divisions appears to be determined on the basis of cell size (i.e., cells divide only after they reach a predetermined size), and cell-cycle control does not appear to be so critical.
In addition to cell division, plant morphogenesis relies on directed cell expansion. In his review, Cosgrove discusses some of the interesting biophysical problems raised by the fact that plant cells are obliged to expand while they are under interna1 turgor pressure. He suggests that regulated cell expansion is achieved under these circumstances in large part through the cell wall "relaxing" activities of proteins known as expansins. These proteins appear to function by temporarily breaking noncovalent associations between the polysaccharides that hold together the cellulose microfibril network in cell walls. This loosens the cell walls and provides sufficient flexibility to allow the insertion of new cell wall material. Interestingly, expansins may be involved in controlling the initiation of lateral organs at shoot meristems (Fleming et al., 1997) .
Specification of Cell Fate
After a cell divides, how are the identities of its daughters determined? Given the fact that plant cells cannot move, the accurate specification of cell fate is a critical component of plant development (Meyerowitz, 1997) . Among the more pressing issues regarding fate determination in plants are the relative contributions of cell lineage and cell position. 1s cell fate specification in plants similar to that in animals, in which the identity assumed by a cell is determined largely on the basis of the identity of its parent, or does the position of a plant cell within an organ determine the identity it acquires? Furthermore, what is the role of oriented cell divisions in directing the acquisition of cell fate?
Because cell fate decisions are often initiated when a cell divides, one way to approach these questions is to evaluate how specific cell types are formed. This kind of analysis can even be applied to the first vegetative cell division-that of the zygote. In many plant species, this division is asymmetric and partitions the zygote into two cells whose descendants go on to assume very different fates. Moreover, in Arabidopsis, Fucus, and some other plant species, the pattern of cell divisions during early vegetative development is quite rigid, fueling speculation that the orientation of cell division planes plays a critical role in the specification of cell fate, at least in the embryo. However, as Laux and Jürgens describe, some Arabidopsis mutations that exhibit defects in the prototypical embryo cell division patterns do not provoke major differences in embryo or seedling form. This suggests either that the functions of the corresponding genes are redundantly encoded, or that regulated cell division patterns may not be required for the establishment of overall plant form. This latter possibility is substantiated by comparative morphological analyses that demonstrate that cell division patterns in the embryos of many other plant species are considerably less well organized than are those of Arabidopsis (see, for example, Kaplan, 1969) .
Nevertheless, asymmetric cell divisions do occur during the formation of a number of specialized cell types in angiosperms as well as in nonflowering plants. As Schumaker and Dietrich describe in their review, the asymmetric division of a specific cell in a moss filament generates a new cell that, under the control of appropriate hormonal signals, can go on to form a fruiting structure. The simplicity of the moss system allows one to predict when and where this cell division will occur, thereby facilitating the analysis of cellular and molecular events that shape the asymmetric division of the filament cell. Severa1 moss species can be transformed, which, as Schumaker and Dietrich point out, should assist future efforts to assess the role of genes specifically expressed during this and other developmental transitions in mosses. By contrast to formation of moss fruiting bodies, asymmetric cell divisions do not appear to feature in the specification of trichome cell fate. In addition to their description of the asymmetric cell divisions that lead to the formation of stomatal guard cells, Larkin et ar. also summarize what is known about the specification of trichome cell identity in Arabidopsis. Two genes that appear to play a role in this process, TRANSPARENT TESTA GLABRA and GLABRAl, have been identified and cloned, and a number of experiments suggest that they both operate at the same stage of trichome initiation. Curiously, mutations in these genes also affect the specification of atrichoblast/trichoblast identity in the root epidermis, although, as Schiefelbein et al. point out, each gene appears to operate at a distinct step during the specification of cell identity in roots.
In some cases, cell divisions are not required for the generation of new cell identities. During tracheary element differentiation in Zinnia elegans, for example, mesophyll cells "transdifferentiate" into tracheary element cells without undergoing cell division. Instead, the nucleus and entire cell contents are broken down while secondary wall thickenings strengthen the differentiating vascular cells. As Fukuda describes in his review, the developmental program that occurs during tracheary element differentiation in vivo can be induced in isolated Z. elegans mesophyll cells growing in culture. The ability to coordinately induce transdifferentiation of tracheary element cells in culture has facilitated molecular and cell biological analyses of the process, and, as Fukuda suggests, is likely to trigger further advances in our understanding of the differentiation of this unusual cell type.
Differentiation of phloem sieve elements is also difficult to follow in vivo because, as Sjolund discusses in his review, differentiating phloem cells comprise a minute percentage of the total number of cells in a seedling. Moreover, the most crucial events occur during a restricted window of developmental time, further complicating efforts to understand the mechanisms that control phloem differentiation. Although the genetic approach toward the analysis of vascular cell formation has not been very fruitful, perhaps because mutations affecting the formation of these cells are likely to be lethal (exceptions include the Arabidopsis irregular xylem mutants; Turner and Somerville, 1997) , the molecular, biochemical, and cell biological analyses described by Sjolund have provided useful information regarding the formation of phloem cells. In particular, the more recent cloning of several genes expressed during the differentiation of these specialized cell types should facilitate the identification of the underlying triggers of vascular cell differentiation.
Maintenance of Cell Fate
One of the most eloquent expressions of the plasticity inherent in plant development is the totipotency that is exhibited by many plant cells. A great deal of research in plant biology these days depends on our ability to manipulate culture conditions in such a way that fully differentiated cells can backtrack and resume proliferative growth, ultimately organizing themselves into a new plant.
The fact that many plant cells appear to be able to dedifferentiate to a meristematic ground state suggests that their identity, once established in the plant, must be actively maintained throughout their lives. How is this achieved? In some systems, "fate determinants" appear to reside in cell walls. For example, Kropf presents evidence that the cell wall is the source of information directing cell fate during early vegetative development in the Fucales, and Pennell et al. (1995) have identified cell wall molecules that are required for carrot cells to undergo somatic embryogenesis in culture.
Another possibility is that during normal development, cell-fate determinants are propagated to younger cells from older cells, although it is difficult to see how acropetal propagation of cell-fate determinants could operate in de novo meristem formation in a leaf disc or tissue culture. Nevertheless, in roots, there is some evidence that cell-fate determinants are passed to newly formed cells from older cells of the same type. As described by Schiefelbein et al., cells in Arabidopsis roots differentiate in vertical files, making it relatively easy to predict and analyze cell-fate decisions. Such patterning information is probably transmitted symplastically, through the plasmodesmata that link adjacent cells. Indeed, careful analyses of symplastic continuity, which are discussed by McLean et al. in their review, suggest that the window'during which root cells maintain their developmental plasticity correlates with their symplastic linkage. In other words, once individual root cells (or domains of root cells) become symplastically isolated, they are no longer able to respond to developmental signals. These conclusions are reinforced by the cell ablation studies of van den Berg et al. (1995) , which show that the ability of root cells to assume the fate of an ablated neighbor is restricted to the earlier phases of development.
Signals passing through plasmodesmata may not be the only source of information regarding cell identity. Leucinerich repeat (LRR)-containing proteins such as CLAVATAI (CLV1; Clark et al., 1997) and the closely related ERECTA (ER) protein (Torii et al., 1996) comprise another class of molecule that may be involved in maintaining cell fates. ER is probably involved in regulating the shape of organs originating from the shoot apical meristem, whereas CLVl, as Clark describes, appears to be involved in regulating the proliferative activity of the shoot apical meristem. Both CLVl and ER are predicted to be transmembrane proteins with an extracellular LRR-containing domain and an intercellular kinase domain. LRR domains have been found in animal hormone receptors and make up a significant proportion of the proteins encoded by several plant disease resistance (R) genes (some of these proteins also have kinase domains). The significance of these comparisons is that the LRR domains in all of these proteins may be involved in signaling, particularly through interactions with other proteins (most animal hormones are proteinaceous, and genetic and biochemical experiments indicate that R gene products interact specifically with the products of "matching" pathogen Avr genes; see Bent, 1996; Baker et al., 1997 , for reviews of R gene structure and function). One possibility raised by Clark is that CLVI (and, by extension, ER) molecules in the wall of one cell may interact with cell-specific ligands from (or on) neighboring cells which, through their interaction with CLV, signal the identity of that cell.
Signals
As described above, plasmodesmata are likely to be important conduits for signaling information during root development. However, they are also intimately involved in maintaining the function of phloem sieve elements and their associated companion cells (see Sjolund's review) and in the transmission of hormones and signals that direct pathogen defense responses. McLean et al. describe the structure of these unusual plant organelles and their many functions during plant vegetative development. They suggest that another way to look at signaling interactions that determine cell fate and organ structure is at the supracellular level, rather than at the level of single cells or cell types. In other words, symplastically connected groups of cells within an organ or a tissue can be thought of as a single "domain" that may detect and respond to developmental signals as a unit, so long as the plasmodesmal connections remain in place.
Clearly, plasmodesmal and other signaling processes are critical for the integration of environmental and developmental signals. Thus, to achieve a full understanding of any developmental process, it is necessary to investigate the signal transduction mechanisms that link environmental, cell-fate, and endogenous developmental signals to the genes whose expression is modified by those signals (or that are identified through mutational approaches).
One vision of the integration of gene expression and morphogenesis was proposed 40 years ago by Waddington (1957) . He depicted genes as tethers for strings attached to a surface that represents the shape of an organ. The strings linking the genes to the surface represent their expression patterns. A ball rolling across the surface represents the decisions taken during development; the ultimate resting place for the ball defines the final form of the organ in question. The point Waddington was making, which has been elegantly reiterated by Harold (1995) , is that a small change in the expression of a single gene can have a profound effect on the shape of the imaginary structure supported by the expression of that gene, and therefore, on the final shape that an organ achieves. In other words, even if a mutation in a single gene has a major effect on morphogenesis, it is not easy to predict from the phenotype of the corresponding mutant (or even, in some cases, from the sequence of the gene itself) how such a gene may function without having some understanding of the remainder of the process.
In their review, Trewavas and MalhÓ apply Waddington's model to the analysis of the role of signal transduction cascades in mediating developmental decisions. In their version of the model, the tethers are signal transduction molecules and the ball rolling across the surface is the signal transduction cascade that mediates a specific response. Despite changing the players, the conclusions Trewavas and MalhÓ derive from these deliberations are the same as those of Waddington-a small change in a single component of a complex regulatory hierarchy can profoundly affect the outcome in terms of the form assumed by the organism. The reciprocal is also true-the ball could follow a different route, yet still end up at the same place (i.e., identical responses do not have to be triggered by identical signal transduction pathways). Trewavas and MalhÓ discuss a number of the molecules for which a role in signal transduction has been demonstrated. These include second messengers, such as calcium and inosito1 phosphates, GTPases, protein kinases and phosphatases, and receptors for light and hormonal signals.
Plant hormone receptors also feature in Kende and Zeevaart's review of the roles of the five "classical" plant hormones abscisic acid, auxin, cytokinin, ethylene, and gibberellin in plant vegetative development. As they discuss, the activities of these molecules were first defined by applying hormones to plants or to parts of plants. These experiments are now being augmented by molecular and genetic analyses aimed at uncovering the genes involved in the biosynthesis, transport, and perception of plant hormones. One remarkable result of these efforts is that some plant hormone receptors resemble the bacterial two-component regulators that mediate a host of bacterial responses to their environment. However, in contrast to their microbial relatives, these plant receptors may function by triggering kinase cascades that eventually provoke changes in gene expression and, thereafter, chánges in plant form.
Nevertheless, not all of a plant's responses to its environment or its developmental decisions can be attributed to these five plant hormones. Instead, a growing number of other molecules, which can be classified as hormones on the basis of their effects on plant development when applied at very low concentrations (and/or on the basis of the phenotypes of mutants with defects in their synthesis or perception), have been identified. For example, the influence of oligosaccharins, brassinosteroids, and jasmonic acid during plant development is discussed by Creelman and Mullet in their review. These authors also suggest that many nove1 types of signaling molecule may remain to be discovered, pointing toward the recent identification of a number of peptides that appear to trigger developmental responses similar to those mediated by other plant hormones (e.g., Bergey et al., 1996; van de Sande et al., 1996) .
Not surprisingly, light has a more profound effect on plant development than does any other environmental factor or signal. In her review, Chory discusses the structure and function of known plant photoreceptors. She focuses on the phytochromes, which are primarily responsible for the responses of plants to red light, and the cryptochromes, at least one of which is involved in mediating blue light responses. Chory points out that, despite a great deal of work over the past few years, we have yet to achieve a full understanding of the biochemical events that occur during light perception. In part, this is the result of the complexity inherent in the systems used by plants to detect and respond to light; not only do they possess distinct families of receptors capable of triggering responses to light of specific wavelengths (there are five phytochrome genes in Arabidopsis), but members of each receptor family can also trigger overlapping sets of responses.
Light also entrains the circadian clock, which in turn regulates many of the metabolic processes associated with the autotrophic life habit of plants, such as the diurna1 fluctuation in levels and/or activities of photosynthetic enzymes. As Kreps and Kay describe in their review, genetic and molecular analysis of the circadian clock in plants is proceeding rapidly, both from the characterization of promoters that are regulated by the clock, and through the isolation and characterization of mutants with defects in their circadian rhythms. One interesting question that remains to be addressed is whether the principal components of the plant circadian clock are closely related to clock components in mammals, Drosophila, and fungi (Kay, 1997) .
Other environmental signals, such as temperature and humidity, are involved in the release of seeds from dormancy. As Bewley discusses in his review, although the phenomenology of germination and dormancy have been well described and numerous genes whose expression changes during these events have been cloned, we are only beginning to get a molecular and genetic handle on the mechanisms that allow developing embryos to shut down their metabolism and protect themselves from desiccation as they dry out. We have equally much to learn about the signals that trigger the ensuing resumption of vegetative development (i.e., germination) when the environmental conditions are favorable.
CONCLUDING REMARKS
The reviews in this Special lssue highlight the most exciting recent advances in our understanding of the genetics, bio-chemistry, physiology, and molecular and cell biology of plant growth and vegetative development. Although we have learned a great deal about how new celts are generated at meristems and set aside to establish organ primordia and tissue initials, how the fates of specific cell types are determined, how pattern within organs is established, and how the activities of genes controlling these processes are modulated by environmental cues, there are still at least as many questions as there are answers.
With so many interesting questions to tackle, clearly this is a good time to be studying plant developmental biology! I hope that the reviews in this issue will serve to impart the enthusiasm of their authors (and my own) for this discipline. I hope, too, that the insight and perspectives they offer will help the reader to appreciate the extraordinary diversity of plant vegetative development and the underlying genetic and physiological mechanisms which converge to generate plant form.
